Objective:The influence on therapeutic outcomes of wide surgical resection of brain metastasis (BM) including tumor cells that microscopically infiltrate adjacent brain parenchyma, with clean surgical margins confirmed by intraoperative margin biopsy is not known. This study was carried out to clarify the therapeutic impact of these resections. Methods: From June 2002 to April 2014, 90 patients (66 men and 24 women; mean age: 56.7 years) underwent surgical resection for BM. In 47 patients (group A), we undertook microscopically complete resection, including microscopic infiltrative tumor cells adjacent to the brain parenchyma, with pathologically clean surgical margins confirmed during surgery for BMs in a noneloquent area. In 43 patients (group B), we undertook gross complete resection without removal of neighboring brain parenchyma due to eloquent location. The two groups were compared for survival, and local and distant recurrence. Results:Mean follow-up duration was 18.6 months; 71 patients (78.9%) died during follow-up. Median survival was 13.1 months in group A and 12.1 months in group B (p=0.309). One-year and two-year local recurrence were 21.2% and 25.8%, respectively, in group A, and 65.2% for both in group B (p=0.000). One-year and two-year distant recurrence rates were 46.3% and 57.2% in group A, respectively, and 33.2% for both in group B(p=0.140). Conclusion: These results suggested that wide surgical resection of BM including tumor cells infiltrating adjacent brain parenchyma with confirmed clean surgical marginsresulted in better local control.
Introduction
An estimated 98,000 to 170,000 new cases of brain metastasis (BM) are diagnosed in the United States each year although the true incidence is not known. Variations in estimates of incidence and prevalence arise from differences in the method of assessment [1] . In the largest autopsy series to date, Posner and Chernik examined the records of 2375 cancer patients and found that central nervous system metastases occur in approximately 24% of patients with systemic cancer [2] .
Some patients with BM can be treated with craniotomy for palliative purposes, usually combined with brain irradiation. When potential candidates are considered for resection, determining who will benefit from surgical resection and postresection treatment is difficult because of the limited survival time associated with BM. However, surgery for BM provides certain advantages over other therapeutic modalities [3] . First, the excision of a metastasis can immediately eliminate the effects of increased intracranial pressure and direct symptomatic effects on surrounding brain tissues. Second, surgery provides tissue for confirming a diagnosis of metastasis. Finally, surgery may establish a local cure or complete remission if all tumor cells can be removed.
Recent advances in microsurgical techniquessuch as navigation systems, intraoperative ultrasonography, and cortical mapping have promoted safe surgical resection; this is particularly the case for single lesions, which account for 40-60% of all BMs [4, 5] . Modern imaging techniques can now locate and define smaller metastases that can be operated on earlier in their development.
However, despite the advantages of surgery for BM, this approach is not fully accepted because of the high tumor recurrence rate after BM resection [6] . Even if complete resection is confirmed by both intraoperative evaluation and immediate postoperative magnetic resonance (MR) imaging, increased patient survival inevitably increases the number of recurrences due to residual foci of microscopic and infiltrative tumors left after surgery, particularly in eloquent areas of the brain.Attempts to achieve clean surgical margins increase the risk of neurological dysfunction. Microscopically, small nests and trabeculae of tumor cells can be seen at tumor borders, infiltrating adjacent nervous tissue. However, these features do not typically extend more than 5 mm beyond the circumference of a solid tumor [7] .
To reduce local recurrence for tumors located in noneloquent areas, we undertook wide surgical resection of BMs including microscopic, infiltrative tumor cells adjacent to the brain parenchyma, confirming clean surgical margins by intraoperative margin biopsy. For tumors located in an eloquent area, we undertook gross complete resection without additional removal of surrounding brain parenchyma. We evaluated the validity of wide surgical resection of BM including tumor cells microscopically infiltrating adjacent brain parenchyma by comparing the two patient groups for local and distant recurrence rates and overall survival.
Materials and Methods

Study design
Between June 2002 and April 2014, 90 patients underwent craniotomy at our institute to remove a BM. Of these, 47 (group A) underwent wide surgical resection of BM including microscopic, infiltrative tumor cells adjacent to brain parenchyma with a 5-mm tumor-free margin outside tumor capsules. Clean surgical marginswere confirmed by marginal biopsy during surgery. After identifying the gliotic pseudocapsule surrounding the tumor through a transcortical or transsulcal approach, we attempted en bloc resection without rupturing the tumor compartment, if possible. After gross total removal of the tumor, we resected additional surrounding brain tissue to a depth of at least 5-mm until a pathological free margin was confirmed. We defined the above pattern of surgical resection of BM as microscopically complete resection (MCR). Another group of 43 patients (group B) underwent gross complete resection (GCR) of BM without additional resection of adjacent brain parenchyma due to the eloquent location.
Clinical characteristics of patients
Retrospective analysis of survival, local recurrence and distant recurrence in relation to clinical variables was performed. Variables were patient's age and gender, type of primary cancer, extracranial metastasis, status of primary cancer, Karnofsky Performance Scale (KPS) scores and recursive partitioning analysis (RPA) class. According to the classification described by Gasper et al. [8] , patients in RPA Class 1 were characterized by age <65 years, KPS score ≥70 and absence of extracranial metastases, and good control of systemic disease. RPA Class 2 patients had KPS score ≥70, but may also be aged≥65 years, or have uncontrolled systemic disease or other systemic metastases. Patients in RPA Class 3 had KPS <70.
Features of brain metastases
Variables were timing of metastasis, tumor size, tumor location, functional grade of lesion and method of tumor resection. Brain metastasis diagnosed <60 days from primary lesion diagnosis was considered synchronous; diagnosis 60 days from primary cancer diagnosis was defined as metachronous. Tumor size was determined as maximal orthogonal diameter and divided into <3 cm and ≥3 cm. Tumor location was categorized as supratentorial or infratentorial. Using preoperative MR imaging, tumorswere functionally graded by location relative to eloquent brain according to a scheme developed at M.D. Anderson Cancer Center [9] . Functional grade I tumors were in noneloquent brain (e.g., frontal or temporal polar lesion), grade II tumors in near-eloquent brain (e.g., motor or sensory cortex, calcarine fissure, speech center, dentate nucleus, brain stem or corpus callosum) and grade III tumors were in eloquent brain (e.g., motor and sensory cortex, visual center, speech center, internal capsule, basal ganglia, hypothalamus, thalamus, brain stem and dentate nucleus).
Surgical indications
Clinical indications were symptoms and signs of intracranial hypertension unresponsive to adequate medical therapy (e.g., corticosteroid and mannitol), intractable seizures, reduced level of consciousness, progressive motor weakness, gait ataxia and aphasia. Neuroimaging indications were lesion enlargement, hemorrhage, and mass effect from edema unresponsive to maximal medical therapy. 
Outcomes and data analysis
Survival times were defined from date of surgical resection until death or last day of follow-up. Postsurgical imaging studies were reviewed for evidence of central nervous system (CNS) recurrence. Local recurrences were defined as within 2 cm of initial tumor resection bed. Distant recurrences in the CNS were defined as any of the following: >2 cm from initial surgical site, on the contralateral side, or in the posterior fossa, spinal cord, or cerebrospinal fluid. For patients who died, cause of death and date of death were recorded. Medical records of all patients were analyzed for clinical history, operative and pathology reports and radiological studies.Dates of death were confirmed for all patients who died.
Statistical analysis
Statistical analyses used SSPS version 12.0 (SPSS Institute, Inc., Chicago, IL). Progression-free-survival (PFS) and overall survival were estimated using Kaplan-Meier methods ( Figure 1 ). Log-rank test and Cox regression analysis were used to examine progressionfree and overall survival. Variables significantly associated with survival by univariate analyses were subject to multivariate analyses. T-tests and chi-square tests were used to compare groups by baseline characteristics. Results were considered significant when p-values were less than 0.05. Table 1 summarizes patient characteristics. Group A had 35 men and 12 women of mean age 57.9 years (range: 14-84) when brain metastasis was diagnosed; group B had 31 men and 12 women of mean age 55.3 years (range: 12-77) at diagnosis. The histological distribution of primary tumor types was: 66 non-small cell lung cancers, 3 small cell lung cancers, 7 colorectal cancers, 6 renal cell cancers, and 11 other systemic cancers.
Results
Patient population
A total of 49 patients (54.4%) had extracranial metastases, 28 (59.6%) in group A and 21 (48.8%) in group B, with 56 cancers (62.2%) under control and 28 (37.8%) progressing. A total of 62 patients (68.9%) had KPS scores ≥70, 39 (83.0%) in group A and 23 (53.5%) in group B. In group A, 10 patients (21.3%) were in RPA class I, 32 (68.1%) in RPA class II and 5 (10.6%) in RPA class III. In group B, 6 patients (14.0%) were in RPA class I, 17 (39.5%) in RPA class II, and 20 (46.5%) in RPA class III.
No significant differenceswere observed between the two groups in demographic parameters or patient features. However, group A had higher KPS scores (p=0.003) and lower RPA classes (p=0.001) than group B. Table 2 shows features of brain lesions. A total of 56 patients (25 in group A and 31 in group B) had metachronous development; the others (22 in group A and 12 in group B) had synchronous development. A total of 23 tumors had functional grade 1 (22 in group A and 1 in group B), 45 had functional grade 2 (18 in group A and 7 in group B) and 22 had functional grade 3 (7 in group A and 15 in group B) (p=0.000). A total of 29 patients, 4 (8.5%) in group A and 25 (58.1%) in group B, received radiotherapy after BM surgery (p=0.000). Comparing features of brain metastasis showed significant differences between groups fortumor functional grade (p=0.000) and postoperative radiotherapy (p=0.000).
Features of brain metastasis
Postoperative Follow-up
No patients were lost to follow-up. The absence of residual enhancing During the follow-up period, 71 (78.9%) patients died, 35 (74.5%) in group A and 36 (83.7%) in group B. Most died of the systemic cause of progression of primary cancer or complication of primary disease. Four patients died from CNS problems, one had a massive hypertensive intracerebral hemorrhage in a location remote from the brain metastasis at 124 days after surgery, and the other three patients died of meningeal carcinomatosis. Formally, three patients (3.3%) died from a cause of CNS origin. 
Survival analysis
was observed in median survival or 1-year or 2-year survival rate (p=0.309). Cox regression analysis showed no difference in hazard ratio between the two groups. Overall survival and differencesin survival between the two groups according to follow-up, determined by Kaplan-Meier survival curves, are in Figure 1. Citation: Jang JH, Lee YM, Kim YZ (2016) Clinical Benefits of Microscopically Complete Resection in Controlling Local Recurrence of Single Brain Metastasis. Int J Surg Surgical Porced 1: 108. doi: http://dx.doi.org/10.15344/ijssp/2016/108
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In addition to the method used in surgical resection for BM, we also analyzed associations between survival and gender, age, pathology, tumor stage, extracranial metastasis, primary tumor status, KPS score, timing of metastasis, tumor size and location, functional grade and postoperative radiotherapy.
Clinical variables of female gender, age <65 years, and KPS score ≥70 were associated with better survival, as estimated by univariate and multivariate survival analysis (Table 4) . No brain lesion factors were associated with survival (Table 5) .
Local recurrence
Patterns of local recurrence according to group are in Table 6 Figure 2 .
By Cox regression analysis, the hazard ratio for local recurrence for group B versus group A was 3.84 (95% confidence interval, 1.77-8.32; p=0.000) in univariate analysis and 3.09 (95% confidence interval, 1.37-6.96; p=0.007) in multivariate analysis. In addition to method of surgical resection for BM, we also examined associations between local recurrenceand risk factors of gender, age, pathology, tumor stage, extracranial metastasis, primary tumor status, KPS score, timing of metastasis, tumor size and location, functional grade and postoperative radiotherapy. According to univariate analyses, KPS score was associated with local recurrence but not with local recurrence in multivariate analyses after multifactor adjustment (Tables 7 and 8 ).
Distant recurrence
Patterns of distant recurrence by group are in Table 9 reached at median value during follow-up. PFS curves are in Figure  3 . No significant difference in distant recurrence was seen between groups by Kaplan-Meier modeling and Cox regression analysis. The hazard ratio for distant recurrence for patients with well-controlled primary cancer versus those with uncontrolled primary cancer was 2.61 (95% confidence interval, 1.29-5.26; p=0.005) by univariate analysis (Table 10 
Discussion
This study found that local recurrence was reduced by wide resection for BM that included microscopic, infiltrative tumor cells surrounding a tumor with clean surgical margins confirmed by intraoperative margin biopsy. Metastatic brain tumors are commonly circumscribed, although not actually capsulated, and can often be completely separated from neighboring brain tissue. During surgery, after a lesion is located, a cortical incision is made, preferably in the depths of the sulcus overlying the tumor. When the gliotic pseudo capsule is reached, the tumor is usually gradually enucleated from its bed. Although brain metastases appear to be well demarcated from surrounding brain tissue on gross examination, these tumors may have a infiltrative appearance by microscopy [7, 10, 11] . In two autopsy reports, residual tumors were found at the sites of previous surgical excisions in 25% and 42% of cases; postoperative radiation was not used in these two series [11, 12] . This infiltration is not as extensive as for malignant gliomas. Nevertheless, it may be important in local recurrence after surgical excision. Therefore, we investigated if wide surgical resection for BM including the removal of adjacent tumor cells that infiltrate parenchyma and clean surgical margins confirmed during surgery would establish local cures and diminish local recurrence.
However, we have no data on how much surrounding brain should be suctioned out. In brain metastases, the tumor invasion distance ) 11.6 Table 9 : Distant recurrence analysis and 1-year and 2-year recurrence rates according to group A and B. TTP*; time-to-progression, NR †; not reached at median value.
usually is reported as not > 5 mm, as described in the literature. Thus, we tried to reset surrounding brain tissue to at least 5 mm in depth. Actually, we do not have any statistically accurate data on how many frozen sections of the tumor margin were positive for cancer, although up to ~ 10-15% of the biopsy samples were positive for tumor cells. In each case, our pathologists studied 6-10 margin biopsy samples.
Although many studies have addressed factors that influence therapeutic results when BM from lung cancer is treated using different therapeutic modalities, no comprehensive study has assessed the influence of surgical extent on recurrence and survival in patients with BM.The incidence of local recurrence after BM excision is around 40% in many series [6, 13] . However, our study observed only 9 recurrences (19.1%) at a site treated by tumor resection with tumor cells infiltrating adjacent brain parenchyma, even without postoperative brain irradiation. The reason for this successful local control was attributed to the absence of remnant tumor burden due to microscopically complete resection, including microscopic, infiltrative tumor cells adjacent to brain parenchyma. Despite the local control rate achieved in this study, distant CNS relapse rate was as high as 44.7% in patients who underwent microscopic complete resection, similar to other studies [2, 14] . Median survival was 13.1 months. Reported survival after surgery for BM ranges from 8 to 20 months [15] [16] [17] [18] [19] [20] . We observed little difference in survival between the two groups (median survival time; 13.1 months in group A vs. 12.1 months in group B, p=0.309). Patients with higher performance status at presentation had longer survival. This study showed that excellent local control of BM, although necessary for prolonged survival, is not sufficient to ensure long-term survival.
Long-term survival will be achieved only when concurrent advances are made in treatment of local and distant CNS disease and systemic cancer. Relevant to this point, Macchiarini et al. showed that systemic chemotherapy is the most significant independent predictor of disease-free long-term survival after neurosurgical resection of BM [21] . Many studies found systemic chemotherapy to be an important therapeutic modality that offers therapeutic benefits to patients with BM [22] [23] [24] [25] . In our study, a few CNS-related deaths occurred, most attributable to primary cancer progression. Thus,for patients with BM, our findings indicated that early and optimal therapy for primary cancer is critically needed to prevent death.
The goal of treatment for BM is to eliminate the metastasis and prevent tumor recurrence in the brain. For patients with BM, despite substantial advances in local control, treatment of primary cancer is most important for prolonging overall survival [26] . In our study, factors influencing survival were not features of brain metastasis, but related to patients' clinical condition. Our results also showed that poorly controlled primary cancer had higher distant recurrence rates than well-controlled primary tumors; the only factor affecting distant recurrence was primary tumor status. Therefore, to prolong survival and reduce distant recurrence, controlling systemic disease is the most important. Thus, one of the most important advantages of microscopically complete resection is that it allows systemic chemotherapy to be started sooner. This could allow control of both the primary cancer and BM and may establish a local cure or complete remission of brain disease.
In terms of radiotherapy for brain metastasis, class I evidence indicates that radiation therapy is the optimal choice for patients with metastatic brain tumors. We also used radiotherapy for the patients with brain metastases, especially located in the eloquent and critical area but not in routine practice. In some cases of NSCLC, however, we initially performed systemic chemotherapy postoperatively for the early control of the primary disease. Brain irradiation was delayed until a local cerebral recurrence developed. In cases of small, deepseated, surgically inaccessible tumors, uncontrolled primary disease, or a KPS score too poor for general anesthesia, we also performed radiosurgery.
Conclusion
The present study provides the first published description of surgical outcomes for wide surgical resection of BM including microscopically infiltrative cancer cells adjacent to brain parenchyma with clean surgical margins confirmed by intraoperative margin biopsy. This study showed that wide surgical resection of BM with clean surgical margins confirmed during surgery could reduce local recurrence.
